To determine whether selected clinicopathologic factors, including the extent of pathologic response to preoperative radiation and chemotherapy (RT Ϯ chemo), have an impact on long-term recurrence-free survival (RFS) in patients with locally advanced primary rectal cancer after optimal multimodality therapy.
Objective
To determine whether selected clinicopathologic factors, including the extent of pathologic response to preoperative radiation and chemotherapy (RT Ϯ chemo), have an impact on long-term recurrence-free survival (RFS) in patients with locally advanced primary rectal cancer after optimal multimodality therapy.
Summary Background Data
Although complete pathologic response to preoperative RT Ϯ chemo has been detected in up to 30% of rectal cancers, its significance on long-term outcome has not been widely reported. Previous retrospective studies evaluating clinical outcome in patients with complete or near-complete pathologic response documented good prognosis in this population but were limited by median follow-up in the range of 2 to 3 years.
Methods
Sixty-nine patients with locally advanced (T [3] [4] and/or N 1 ) primary rectal cancer were prospectively identified. All were treated at one institution with preoperative RT to the pelvis (at least 4,500 cGy). Forty patients received concurrent preoperative 5-fluorouracil-based chemotherapy and 27 received both pre-and postoperative chemotherapy. Patients underwent resection 4 to 7 weeks after completion of RT. TNM stage, angiolymphatic or perineural invasion, and extent of response to preoperative RT Ϯ chemo were determined by pathologic evaluation. Adverse pathologic features were defined as the presence of angiolymphatic and/or perineural invasion. RFS at 5 years was determined by the Kaplan-Meier method.
Results
With a median follow-up of 69 months, 5-year RFS was 79%. RFS was significantly worse for patients with aggressive pathologic features and positive nodal status identified in the postirradiated surgical specimen. Risk ratios for RFS were 3.68 for the presence of aggressive pathologic features and 4.64 for node-positive rectal cancers. In patients with greater than 95% rectal cancer response to preoperative RT Ϯ chemo, only one patient has died as a consequence of cancer, another has died of an unrelated cause, and the remainder were free of disease with a minimum follow-up of 47 months.
Conclusions
These data suggest that a marked response to preoperative RT Ϯ chemo may be associated with good long-term outcome but was not predictive of RFS. The presence of poor histopathologic features and positive nodal status are the most important prognostic indicators after neoadjuvant therapy.
In patients with locally advanced (T 3-4 and/or N 1 ) rectal cancer, combined modality adjuvant therapy improves local control and survival. 1 Although the timing, dosage, and method of delivery are controversial, patients receiving preoperative radiation and chemotherapy (RT Ϯ chemo) experience reduction of tumor bulk, enhanced sphincter preservation, improved functional results, and a lower rate of acute toxicity compared with patients receiving postoperative RT Ϯ chemo. [2] [3] [4] [5] Retrospective series and a single prospective study have also found improvement in overall and disease-free survival in patients with clinically resectable rectal cancer who received preoperative RT Ϯ chemo. 4,6 -8 A similar improvement was seen in patients who received preoperative RT alone. 9, 10 Complete pathologic response after moderate-to highdose preoperative RT for rectal cancer has been used as a surrogate endpoint for treatment outcome. In reported series, complete pathologic response rates range from 9% to 30%, 7, 8, 11, 12 with an underlying assumption that a complete response correlates with a favorable long-term outcome.
However, data to support this supposition are limited, particularly with respect to adequate follow-up. 13, 14 Thus, the current analysis of consecutive patients with primary rectal cancer uniformly treated with preoperative RT was undertaken to determine whether clinicopathologic factors, including the extent of pathologic response to preoperative RT Ϯ chemo, have an impact on long-term recurrence-free survival (RFS). Radiation Oncology databases. To ensure adequate longterm follow-up, patients treated after 1993 were excluded. Of these 171 patients, 34 did not undergo resection or received inadequate doses of radiation (Ͻ 4,500 cGy), 45 received preoperative RT at another institution, and in 4 data on preoperative RT were unavailable. An additional 14 were excluded because they received concurrent intraoperative radiation, and 5 could not be fully evaluated because paraffin blocks were not available for pathologic review. Therefore, 69 patients with potentially curable, locally advanced rectal cancer deemed eligible for preoperative RT Ϯ chemo because of a bulky and/or tethered tumor or endorectal ultrasound evidence of T 3-4 and/or N 1 disease were analyzed.
METHODS
All 69 study patients received preoperative external beam radiation to the pelvis consisting of at least 4,500 cGy delivered over 25 fractions and a boost to the primary tumor bed for a total radiation dose of 5,040 cGy in 28 fractions at 180 cGy per day according to previously described techniques. 7 Forty patients also received preoperative 5-fluorouracil (5-FU)-based chemotherapy, usually in combination with leucovorin, and 27 received both preoperative and postoperative chemotherapy. Agents and regimens were chosen based on a sequential group of phase 1 and 2 trials of concurrent 5-FU-based chemotherapy. Patients underwent complete surgical resection 4 to 7 weeks after completion of RT.
Pathologic evaluation was performed independently by two pathologists (S.T., D.S.K.) unaware of the clinical or radiologic findings. Discrepancies between the pathologists were resolved by consensus. Postirradiated resection specimens were evaluated for depth of tumor penetration, lymph node metastases, differentiation, and perineural and angiolymphatic invasion as well as extent of rectal cancer response to preoperative treatment. Assessment of treatment response was based on the examination of at least three microscopic sections of the tumor (unless the primary was small enough to be submitted entirely in fewer sections). Areas of tumor treatment effect were characterized by the replacement of neoplastic glands with loosely collagenized fibrous tissue and scattered chronic inflammatory cells ( Fig.  1 ). Acellular mucin pools were found in cases of colloid carcinoma. Rectal cancer response was recorded as the percentage histologic response, ranging from no evidence of treatment effect (0%) to a complete response with no viable tumor identified (100%). A 5-point grading scale, developed by D.S.K. and validated as a measure of response in patients with non-small cell lung cancer receiving chemotherapy, 15 was used to categorize pathologic response to RT Ϯ chemo. Tumors exhibiting no response were scored as 0, those with response in up to one third of the tumor as 1, those with response in between one third and two thirds as 2, those with response greater than two thirds but less than complete as 3, and those with complete response as 4 ( Table 1) .
Tumors showing a near-complete response, characterized by microscopic foci of residual tumor consistent with greater than 95% response, were categorized as 3ϩ.
Of the 14 patients who developed recurrent disease during the follow-up interval, 4 had local recurrence, 8 had systemic recurrence, and 2 had both local and distant metastases. Recurrences were identified by clinical examination and imaging studies. Almost all (13/14) were confirmed histologically; the remaining recurrence was based on clinical and radiologic follow-up. Because of the small number of failures in this study population, all recurrences were analyzed together. RFS was determined by the Kaplan-Meier method. 16 Time to last follow-up, treatment failure, or death was measured from the date of surgery. Clinicopathologic variables, including patient age and gender, extent of pathologic response to preoperative RT Ϯ chemo, presence of aggressive pathologic features (perineural and/or angiolymphatic invasion), and nodal status based on the postirradiated surgical specimen, were studied by univariate and multivariate analysis to identify factors predictive of clinical outcome. 17 For variables identified as independent prognostic factors on multivariate analysis, risk ratios were calculated.
RESULTS
Of the 69 patients available for analysis, 47 were men and 22 were women. Median age at surgery was 57 (range 24 -79) years. Low anterior resection was possible in 47; 21 had an abdominoperineal resection; 1 underwent posterior pelvic exenteration. Median follow-up was 69 (range 3-140) months. The distribution of patients by extent of response to preoperative RT Ϯ chemo is shown in Table 1 . Among the 69 evaluable patients, 48 were alive without evidence of disease and 2 were alive with distant metastatic disease. Nineteen patients have died, 10 as a result of their rectal cancer. Estimated 5-year RFS for the entire study population was 79% ( Fig. 2A) .
Patient specific factors studied, namely age and gender, were not predictive of RFS. Extent of response to preoperative RT Ϯ chemo, whether analyzed as a categorical (grade response) or continuous (percentage response) variable, also did not have a significant impact on RFS. However, only one (6%) patient with greater than 95% rectal cancer re- sponse to preoperative RT Ϯ chemo has developed recurrence. In this patient, widespread biopsy-proven osseous metastases were discovered within 2 months after surgery, and the patient died 3 months after resection. Of the remaining 17 patients with greater than 95% rectal cancer response to preoperative RT Ϯ chemo, 1 died of causes unrelated to disease and the rest were all alive without evidence of disease at a minimum follow-up of 47 months. The presence of adverse pathologic features and positive nodal status identified in the postirradiated rectal cancer surgical specimen were found to be statistically significant factors predictive for RFS by univariate and multivariate analysis ( Table 2 ). In the presence of angiolymphatic and/or peri-neural invasion, 5-year RFS was 30% compared with 82% (P ϭ .03) if these histologic features were absent (Fig. 2B) . Similarly, 5-year RFS for patients with node-positive rectal cancer was significantly worse (53% vs. 89%, P ϭ .004) than for those with node-negative disease (Fig. 2C ). Risk ratios for RFS were 3.68 for the presence of aggressive pathologic features and 4.64 for node-positive rectal cancers.
DISCUSSION
When previous studies with a reasonable sample size evaluated clinical outcome in patients with complete or near-complete tumor response, an excellent prognosis was observed at a median follow-up of 2 to 3 years. 13, 14 Patients with resected rectal cancer with a complete pathologic response to preoperative RT Ϯ chemo had 100% 5-year actuarial disease-free survival at a median follow-up of 26 months. 13 Similarly, patients with pT 0 N 0 and pT 2 N 0 rectal cancers treated by preoperative RT and curative surgical resection had 100% 5-year overall survival at a median follow-up of 33 months. 14 A more recent retrospective analysis in selected rectal cancers treated by preoperative RT and potentially curative surgery also found a significant survival advantage at a median follow-up of 43 months if the postirradiated surgical specimens exhibited complete tumor regression (pT 0 N 0 ) or were early-stage tumors (pT 1-2 N 0 ). 18 Although it is generally accepted that 80% of recurrences occur within 24 months, a recent study of patients receiving preoperative RT Ϯ chemo showed that the median time to detection of local and distant recurrences was 34 and 24 months, respectively; almost 5 years of follow-up was required to detect 80% of all failures. 19 In the present study, designed to address long-term follow-up (median of 69 months) in a clinically homogeneous population uniformly treated at a single institution, 18 patients exhibited complete or near-complete (Ͼ95%) pathologic response to preoperative RT Ϯ chemo. Actuarial 5-year RFS in this subset of patients was 94%. Of these 18 patients, only 1 had a documented recurrence, and this patient died with diffuse bone metastases 3 months after surgery. This most likely represents unrecognized synchronous metastases because the patient was noted, in retrospect, to have long-standing back pain.
Univariate and multivariate analyses showed significantly better 5-year RFS in patients with node-negative (N 0 ) rectal cancer (89%) compared with those with node-positive disease (53%). Nodal metastases were less common in patients undergoing preoperative RT suggestive of a downstaging effect, 20 and this finding may, in part, account for improved survival in node-negative patients. The presence of poor pathologic features, consisting of angiolymphatic and/or perineural invasion, in the resected specimen was also predictive of RFS. Of the variables studied, calculated risk ratios suggested that nodal status in the postirradiated rectal cancer was the strongest predictor of RFS (see Table 2 ).
Although our results did not identify extent of rectal cancer response to preop RT Ϯ chemo as an independent predictor of RFS, we believe that it may nevertheless reflect an important biologic factor. Almost all patients with greater than 95% rectal cancer response have survived without recurrence over an extended period of follow-up. The inability to show the prognostic significance of tumor response may be attributable to sample size, limited preoperative staging allowing for heterogeneity in pretreatment staging, and the possibility that the current pathologic evaluation for gauging rectal cancer response to preoperative RT Ϯ chemo may be inadequate.
Infrequent disease failure in patients with a good response, which appears durable over a median follow-up beyond 5 years, suggests that novel strategies to enhance complete tumor regression by preoperative RT Ϯ chemo are warranted. Current treatment modifications that may enhance the extent of pathologic response include hyperfractionated RT, 21-23 a delay of greater than 4 weeks between completion of RT and surgical resection, 24 -26 and concomitant administration of chemotherapy. 6, 8, 12, 25, 27, 28 In summary, our nonrandomized, retrospective analysis suggests that a marked rectal cancer response to preoperative RT Ϯ chemo was clinically associated with fewer recurrences and good long-term outcome. The presence of adverse pathologic features (angiolymphatic and/or perineural invasion) was a significant prognostic indicator. However, nodal status in the postirradiated tumor specimen was the strongest factor predictive of clinical outcome. Based on the durability of our study results beyond a median follow-up of 5 years, patients with rectal cancer who undergo neoadjuvant therapy followed by complete surgical resection of a node-negative specimen can anticipate excellent long-term RFS. Ongoing treatment strategies aim to enhance complete response rates as well as accurately assess extent of tumor response to preoperative RT Ϯ chemo via positron emission tomography imaging. 29 It is anticipated that these approaches may permit less radical surgery in patients who achieve a complete or near-complete response to preoperative RT Ϯ chemo. In contrast, patients identified early on as nonresponders to one treatment protocol may benefit from treatment intensification or modification.
